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摘  要 
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本 论 文 研 究 了 海 洋 抗 肿 瘤 候 选 新 药 去 乙 酰 真 菌 环 氧 乙 酯
(Deacetylmycoepoxydiene，DAM)的液体发酵及提取制备工艺。DAM 是红树植物
内生真菌 A-1-2-3(Phomopsis sp. A-1-2-3)产生的一种骨架新颖的环氧二烯类化合
物，具有较好的细胞毒作用。经动物试验抗肿瘤活性测定，该化合物对乳腺癌、
胃癌等实体瘤具有显著的抑制活性，且毒性较低。菌株 G1-1 是 DAM 高产突变
株，在前期摇床培养基质优化的基础上，本论文对菌株 G1-1 摇瓶培养条件进行
了摸索，并进行了 10 L 发酵罐的放大和优化。发酵培养基为葡萄糖 65 g/L、马
铃薯 200 g/L、20%海水(V/V)，通过补料控制残糖含量在 10 g/L，溶解氧控制 20%
以上，该菌株在 10 L 罐中发酵 15 d，DAM 产量 高达 97.6 mg/L，约为摇瓶培
养的 2 倍。 
补料是提高 DAM 发酵产量的重要手段，本文对添加前体乙酸钠、发酵后期
残糖恒浓度控制流加等流加方式进行了比较。结果表明，发酵中后期(7-15 d)残
糖浓度控制在约 10 g/L 的水平，能较大幅度提高 DAM 产量。在 10 L 罐发酵的
基础上进行了 200 L 罐的中试放大，发酵培养基为葡萄糖 65 g/L、马铃薯 200 g/L、
20%海水(V/V)。发酵 7-15 d 残糖含量控制在 10 g/L 以及溶解氧保持 20%以上的
发酵条件下，发酵 15 d，DAM 发酵产量达到 125.9 mg/L。 
微生物生物活性代谢产物的制备是工业微生物发酵生产的重要内容。本文以
DAM 产品的纯度和得率为指标，侧重研究了 DAM 中压反相柱层析和溶析结晶
制备的工艺参数。中压反相柱层析过程中，进料量 46.5 mg/g 和流速为 20 mL/min
的条件下，DAM 发酵粗提物的制备纯度为从 10.1%提高到 75%，得率为 93.6%。
溶析结晶正交实验的结果显示，在 V(丙酮) : V(水)为 2 : 3、结晶温度 15 ℃、反
溶剂流加 3 h 的组合下，DAM 的纯度从 75%提高到 89.8%，收率为 82.8%，通过
方差分析，发现结晶温度和反溶剂含量对结晶影响较为明显。采用重结晶方法，


























































The hot spot for searching novel drugs has been focused on the much more 
complex marine resources in recent years. Because of their special living conditions, 
marine microorganisms often produce various bioactive substances with novel 
functions and structures.  
Mangrove plants, as important new resources for potential pharmaceutical 
because of their ecosystems that straddled the land and the sea, have gradually 
attracted people’s attention. 
In this study, the fermentation parameters and preparation of a marine anti-tumor 
drug candidate deacetylmycoepoxydiene (DAM) was studied. DAM, a second 
metabolic product of endophytic fungi Phomopsis sp. A-1-2-3, which contains an 
oxygen-bridged cyclooctadiene, is novel and represents a new class of fungal 
metabolites. It had a good cytotoxic activity, anti-tumor activity in animal tests 
showed that the compound had significant inhibition activity to breast, stomach and 
other solid tumors. Strain G1-1 is an mutant of Phomopsis sp. A-1-2-3, the yield of 
DAM by solid-state fermentation of mutant G1-1 was over 100 mg/L, Based on 
previous optimization in shake flask culture, the liquid fermentation in 10 L fermentor 
was studied. When the residual sugar was controlled at 10 g/L by feeding and the 
dissolved oxygen over 20%, the yield of DAM in 10 L fermentor was optimized upto 
97.6 mg/L，twice as in shake flask. 
Fed-batch fermentation was an important way to improve the yield of DAM, in 
this study, adding precursor sodium acetate and constant concentration of residual 
sugar control were compared. When the concentration of residual sugar was 
controlled at 10 g/L from d7 to d15, the results showed that the yield of DAM was 
substantially enhanced. Based on the studies in 10 L fermentor, the fermentation was 
scaled upto 200 L, in 200 L fermentor, when the residual sugar was controlled at 10 
g/L and the dissolved oxygen over 20% in the whole process, the yield of DAM 
reached 125.9 mg/L in d15. 















microbial fermentation. The study focused on researching the parameters of medium 
pressure reverse phase column chromatography(RPLC) and solvent-out crystallization, 
the experiment indexes were purity and recovery. In medium pressure RPLC, when 
the sample amount and flow rate were 46.5 mg/g and 20 mL/min respectively, the 
purity of DAM was increased from 10.1% to 75%, the recovery was 93.6%. The 
orthogonal result illustrated that the purity of DAM was increased from 75% to 89.8%, 
the recovery was 82.8%, through analysis of variance, the results showed that the 
temperature and anti-solvent content had a more obvious effect on crystallization, the 
purity of DAM reached to over 99% after recrystallization. After the studies, the 
preparation process was initially developed as follows: fermentation broth →
nanofiltration→ethyl acetate extraction→vacuum concentration→medium pressure 
RPLC → crystallization → recrystallization. The preparation process was further 
enlarged, the result shew that the process route was reliable, the parameters were 
reasonable, the purity of DAM was over 99% and the total recovery over 74%. 
The DAM crystal was dried after recrystallization, then the DAM was detected 
and analyzed by HPLC, GC and ICP-MS respectively, methanol, acetone and other 
organic solvents were not detected, neither were the heavy metals, including As、Cu、
Cd、Ag, etc. 
Key words: mangrove fungi; deacetylmycoepoxydiene; liquid fermentation; column 





















前  言 
1 
前   言 
 
近年来，随着癌症发病率的不断升高，天然药物抗肿瘤作用已日益成为研究
的热点。据 WHO 国际肿瘤研究理事会报道，到 2020 年全球肿瘤发病率将上升


















年相对于 2006 年增长 24%左右。从 1965-2007 年海洋天然产物年平均年产量趋
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图 1 -1 1965-2007 年海洋天然产物年平均年产量趋势[5] 
Fig.1-1 Annual output of marine natural products from1965 to 2007  
 
 
图 1-2 海洋天然产物按门分类的分布趋势 [5] 
Fig.1-2 Distribution trend of marine natural products by phylum 
 
表1-1 化合物的细胞毒活性 
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